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 Recently, it was reported that nano scale structure are formed on the metal surfaces by 
irradiating femtosecond laser pulses at an energy power density (fluence) slightly above the 
ablation threshold  [1]. These structures have lately attracted considerable attention as a method to 
give a high function to the surface. This was verified experimentally b the authors in a recent 
paper  [21. In this paper, we report he formation of the structure to the cylindrical surface of the 
piston ring as a proper example of sliding surface of machine parts (piston ring). As a result, the 
processing system combined the femtosecond laser and NC rotation stage was developed and 
formed the nano scale structure (pitch A = 311 nm) on the piston ring at F = 0.13 J/cm2, v = 24 
 mm/s,  is  =  60  gm. 
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1. Introduction
 Recently, a reduction of CO2 emissions from various 
industrial machines, environmental improvement by 
regulations of discharge of polluting material, 
energy-saving by an improvement of fuel consumptions 
are strongly required. In particular, a reduction of a 
friction on a sliding surface in various industrial 
machines is important to improve the fuel consumptions. 
 Coating of hard thin films  [3] and formation of 
structures  [4] on a sliding surface of parts such as engines 
are studied as an effective method for the reduction of 
the friction on that surface. 
 On the other hand, it was reported nano scale 
structures were formed on surfaces of metals such as Cu 
and so on by irradiating femtosecond laser pulses at 
fluence slightly above the ablation threshold  W. The 
effect of these structures on friction reduction is reported 
[5]  [6].
 In our previous reports, we established the technique 
to form the structure widely on a DLC (Diamond-like 
carbon) film by the processing system that combined the 
femtosecond laser and NC stages  [2]. 
 In this study, we developed a piston ring processing 
system that combined the femtosecond laser and a NC 
rotation stage, and clarified relations between processing 
conditions and formed structures.
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2. Specimen and Experimental method 
2.1 Specimen 
 The specimens were commercially available piston 
rings. They were coated by DLC films on the substrate of
 SUS420J2. Photograph of the piston ring before laser 
irradiation is shown in Fig. 1. The diameter of the rings 
were 86 mm, the thickness were 1.2 mm. The thickness 
of DLC films were approximately 6  gm, the indentation 
hardness were approximately 20GPa. 
 The piston rings fixed end gap and sandwiched by the 
holders were installed in the NC rotation stage (Newport 
Corporation;  RGV100BL).
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Fig. 1 Photograph of piston ring specimen.
2.2 Processing system and experimental method 
 Experimental set-up and a procedure are almost he 
same as them described in our recent paper  [2]. 
Photograph of femtosecond laser system is shown in Fig. 
2. A schematic drawing of the experimental pparatus i  
shown in Fig. 3. The femtosecond laser (Cyber Laser 
Inc.;  IFRIT) was operated at 1 kHz repetition frequency, 
800 nm wavelength, 180 fs pulse width. The polarization 
of the light of the laser was liner and its direction of the 
electric field E was constant. 
 It was reported that nano scale structure was formed 
on the surfaces by irradiating femtosecond laser pulses at 
fluence slightly above the ablation threshold  [71. 
Therefore, we designed the optical system to get enough 
fluence by processing at a focus position of a concave 
lens. 
 The side surface of the piston ring fixed on the NC 
rotation stage was irradiated perpendicularly b the laser 
at a constant fluence. The piston ring was rotated at feed 
rate v during the laser irradiation and moved by shift 
distance  h to Z-axis direction after each a rotation as 
shown in Fig. 4. 
 The controllable parameter were fluence F, feed rate v 
and shift distance  L.
   (a) Top view of experimental set-up. 
NC Z axis stage NC Rotation stage
Fig. 3
(b) Side view of experimental set-up.
Schematic drawing of experimental set-up.
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Fig. 4 Method for the processing piston ring.
3. Results 
3.1 Formation of nano scale structures 
 Fig. 5 (a) shows the photograph ofpiston ring formed 
nano scale structures by the laser at F = 0.13  Rem', v = 
24 mm/s and  Is = 60  jam. Fig. 5 (b) shows the SEM 
(Scanning Electron Microscope) images around the 
center of the side surfaces of no processed piston ring. 
Fig. 5 (c) shows the SEM images at point A in Fig. 5(a). 
 In Fig. 5 (b), periodic traces in the width direction on 
no processed surface is shown. It was considered that he 
traces were formed in production processes of the piston 
ring such as grinding. 
 In Fig. 5 (c), the nano scale structures were formed 
periodically on the laser irradiated surface. The direction 
of the structures was a right angle of the polarization 
direction E.
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  Fig. 5 SEM images of piston ring.
3.2 Relationship of fluence and periodic structure 
 Fig. 6 shows the cross-sectional profile by AFM 
(Atomic Force Microscope) in the center of the 
cylindrical surface of the piston ring processed at F = 
0.13 J/cm2, v = 24 mm/s and  Is = 60  [mi. In Fig.6, the 
cross-sectional profile is also shown periodic peaks and 
valleys. 
 In this paper, the size of the structure was evaluated by 
a pitch A which was the mean value of the distance 
between a valley and adjacent one at 50 points in the 
cross-sectional profile. The A was measured 311 nm, 
standard deviation  o-was ±77nm from Fig. 6. 
 The measured value A is plotted as a function of 
fluence F and a is indicated by the error bars in Fig. 7. 
As shown in this figure, the structures were formed at 
fluence higher than 0.10 J/cm2.  In the region I, Pitch A 
increases rapidly with increasing F near the ablation 
threshold fluence F = 0.10 J/cm2. In the region II, A 
increases slowly and becomes saturated.
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4. Conclusion 
1) The periodical structure was formed over the piston 
   ring by the developed processing system, which was 
   constructed by femtosecond laser and NC rotation 
   stage. 
2) The periodical structure was formed at fluence 
   higher than F = 0.10 J/cm2, the pitch A increases 
   rapidly with increasing near the F = 0.10 J/cm2. 
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